Effect of estrogen on isoforms of nitric oxide synthase: possible mechanism of anti-atherosclerotic effect of estrogen.
While estrogen is known to prevent the development of atherosclerosis, the mechanism is not completely understood. We investigated the effects of superoxide dismutase, acetylcholine, and other compounds on the release of nitric oxide (NO) by measuring the relaxation responses of aortic rings, with and without intact endothelium, taken from rabbits under various experimental conditions. The aorta of female rabbits released a greater amount of NO than did that of oophorectomized females and male rabbits. The greater basal release of NO in female rabbits was decreased in animals with atherosclerosis induced by a high cholesterol diet. We also investigated the effect of estrogen on endothelial, neuronal and inducible NO synthase (NOS), NOS-3, NOS-1 and NOS-2, respectively. Preincubation with a physiologic concentration of 17 beta-estradiol (10(-12) to 10(-8) M) over 8 h significantly enhanced the activity of NOS-3 in the endothelial cells of cultured human umbilical vein and bovine aortas. 17 beta-Estradiol also enhanced the release of NO from endothelial cells as measured by an NO selective meter and NO2-/N/3-, metabolites of NO. Western blot showed a similar effect of 17 beta-estradiol on NO. Estrogen increased NOS-3 via a receptor-mediated system. Low concentrations of 17 beta-estradiol (10(-10) to 10(-8) M) enhanced the activity of crude NOS-1 in the cytosolic fraction of rabbit cerebella. Partially purified NOS-1, obtained from the cytosolic fraction by DEAE column chromatography, had a similar response to estrogen. Estrogen at a low dose enhanced the fluorescence of dansyl calmodulin and augmented it in high doses. We also investigated the effect of estrogen on NOS-2. When J774 cells, a murine macrophage cell line, were incubated with interferon-r and lipopolysaccharide, NOS-2 was induced and a large amount of NO was released. Pre- or co-incubation of 17 beta-estradiol inhibited the induction of NOS-2 protein and NO release. The estrogen receptor antagonists, tamoxifen and ICI 182780, inhibited that effect of 17 beta-estradiol. 17 beta-Estradiol inhibited the induction of NOS-2 by a receptor-mediated system. These results may offer a new mechanism for the anti-atherosclerotic effect of 17 beta-estradiol.